The synthesis and antibacterial activity of the title compoundshaving an isoxazolidine ring at the C-2 position are described. These derivatives were synthesized by the 1,3-dipolar cycloaddition reaction of nitrone with 2-vinyl carbapenems. This 1,3-dipolar cycloaddition reaction proceeded regioselectively to give diastereomeric isomers of2-(isoxazolidin-5-yl)carbapenems.
The discovery of thienamycin^in 1976 opened up a new antibiotic field, and numerous chemical modifications2~5) were introduced for exploiting this novel antibiotic as a clinical candidate. However, these efforts have been mostly limited to the natural-type alkylthio side chain at the C-2 position because of the instability of the carbapenem nucleus. In our laboratories, we have been interested in carbapenems having unnatural-type side chains, which directly connect a carbon unit in place of sulfur at the C-2 position, and have found that 2-(N-methyl-4-pyridinio)thiomethyl derivatives show excellent activities against both Gram-positive and
Gram-negative bacteria.6'7)
Weplanned to prepare unnatural-type carbapenems which were based on the side chain at the C-2 position of thienamycin. We first intended to replace Sr-C2'-C3'-N4' of thienamycin side chain with unnatural-type C1'-C2'-C3'-N4', forming a rigid 5-membered ring by combining C1 and N4' through a spacer of one atom to fix its conformation. Weanticipated that the adoption of an electron-withdrawing oxygenatom as a spacer should enhance the chemical reactivity of the /Mactam ring, and would improve biological activity.8) Moreover we chose to quaternarize the nitrogen atom N4' because a cation charge on the side chain had tended to improve 1481 activity. Finally, we decided on a isoxazolidinio substituent as a side chain at the C-2 position. An isoxazolidine ring could be constructed by 1,3-dipolar cycloaddition reaction. Herein, we describe the synthesis of 2-(isoxazolidinio-5-yl)carbapenem derivatives via the 1,3-dipolar cycloaddition reaction of 2-vinyl carbapenems with nitrone and their potent antibacterial activities.
Chemi stry
Requisite material for 1,3-dipolar cycloaddition reaction, 2-vinylcarbapenems 3, were synthesized from 2-hydroxymethylcarbapenems 16) (Scheme 1). 2-Hydroxymethylcarbapenems 1 were transformed to 2-iodomethylcarbapenems by the direct iodination method (PPh3/I2/Et3N/HMPA) in situ, and treatment of 2-iodomethyl carbapenems with triphenylphosphine resulted in the formation of somewhat stable phosphonium derivatives 2.9) Wittig reaction ofphosphonium salts 2 with aqueous formaldehyde in the presence of sodium carbonate as a base gave 2-vinylcarbapenems 3. Westored 3b as a solution of toluene since pure neat compound 3b polymerized even stored in a freezer. The isoxazolidine ring was constructed by the 1,3-dipolar cycloaddition reaction of 2-vinyl-l /?-methylcarbapenem 3b with nitrone (Scheme 2), which was generated in situ from N-methylhydroxylamine hydrochloride and formaldehyde in the presence of sodium methoxide. This cycloaddition reaction gave two diastereomeric isomers (4, 5) of 2-(2-methylisoxazolidin-5-yl)-lj6-methylcarbapenem in 22% and 45% yield, respectively.
The corresponding regioisomers, 2-(2-methylisoxazolidin-4-yl)-ljS-methylcarbapenems, were not detected in this re<vvntVip«ic r»f 7-vinvirarhanpmems 3.
Scheme 2. Synthesis of 2-(isoxazolidinio-5-yl)-l^-methylcarbapenems 8 and 9.
Scheme 3. Synthesis of compound ll.
Scheme 4. Synthesis of 2-(isoxazolidinio-5-yl)carbapenems 16 and 17. As shown in Table 1 , all compounds prepared in this study and imipenemhad a comparable antibacterial activity against both Gram-positive and Gram-negative bacteria including P. aeruginosa. Stereochemistry at the 5'-position of isoxazolidine ring was found to have some effect on their antibacterial activity. 5'i?-isomer 8 and 5'S-isomer 9 are almost equivalent against Gram-positive bacteria, while 5'i£-isomer 8 possessed a slightly better activity than 5'S-isomer against some Gram-negative bacteria. In general, ljS-methylcarbapenem derivatives, 8 and 9, were superior to the corresponding 1H analogues, 16 and 17.
In vivo activities (ED50) of l/J-methyl carbapenem derivatives 8 and 9 together with the data of imipenem as reference were shownin Table 2 . Therapeutic efficacy of 1^-methyl compound 8 was excellent and better than that of imipenem against E. coli infection.
In conclusion, we found that 2-(isoxazolidinio-5-yl)carbapenem derivatives, especially 2-(5J?-isoxazolidinio-5-yl)-l/?-methylcarbapenem, had an excellent broad spectrum antibacterial activity.
Experimental

Chemistry
Reagents were used as supplied unless otherwise noted. Reactions were carried out under nitrogen using dry solvents. Silica gel (E. Merck, 230~400 mesh) and high porous polymer CHP 20P (Mitsubishi Kasei, 751 50fi) were used for column chromatography. Melting points were determined on a Yanagimotoapparatus and are uncorrected. Infrared (IR) spectra were recorded on a Hitachi 260-10 spectrophotometer.
Proton nuclear magnetic resonance (*H NMR) spectra were obtained on a Varian VXR-200 (200 MHz)spectrometer. Chemical shifts are expressed in ppmdownfield from tetramethylsilane (TMS) as an internal standard in CDC13, and determined by using DOH(S 4.80) as an internal standard in D2O. Mass spectra (MS) were obtained on a Hitachi M-90 (SIMS) mass spectrometer. Most of the compoundsreported here are either non-crystalline solid or viscous oil or unstable. Hence, their analytical data could not be obtained.
Determination of Antibacterial Activity
The in vitro antibacterial activity is given as minimum inhibitory concentration (MIC) in /ig/ml as determined by the serial agar dilution method (sensitivity test agar) after incubation at 37°C for 18~20 hours with an inoculum size of one loopful of 106 CFU/ml.
In vivo Antibacterial Activity Test ICR female mice (age: 5 weeks) were infected intra- DEC. 1995 peritoneally with the bacterial suspension in 5% mucin and compounds were administered subcutaneously at 1 and 5 hours after infection. ED50values were calculated from survival ratio of mice on 7th day after infection by the probit method. 
To a solution of 4 (839mg, 1.58mmol) in CH3CN (10ml) was added iodomethane (10ml) at room temperature, and the mixture was stirred at the sametemperature for 10 minutes. Concentration of the reaction mixture under reduced pressure gave a crude quaternarized salt 6 as a pale yellow foam: IR (CHC13) 1776, 
Quaternarization of5 (5.0 g, 9.42mmol) gave 7 by the same way used for 6: a pale yellow foam; IR (CHC13) ( 1 5>,5i?,65>)-2-[(5^)-2,2-Dimethylisoxazolidinio-5^yl>
To a solution of crude 6 in CH2C12 (6ml) and nitromethane (3ml) were added at -60°C a solution of aluminum chloride (843mg, 6.32mmol) and anisole (3.5ml). The mixture was allowed to warm to -15°C over 1.5 hours, and was stirred at the same temperature for 30 minutes. The reaction mixture was diluted with CH2C12, a aqueous solution (10ml) of sodium bicarbonate (707mg, 8.41 mmol) was added, and the mixture was stirred under ice cooling for 10 minutes. After filtration of the mixture, aqueous filtrate was separated, washed with CH2C12, and purified by CHP-20P column chromatography. The fractions containing the product were concentrated and freeze-dried to give 8 (301 mg, 61% from 4) as a colorless powder: IR (KBr) 3400, 1750, 1598cm"1; XH NMR (D2) S 1.15 (d, /-7.2Hz, 3H), 
To an ice-cooled solution of5 (116mg, 0.22mmol) in THF (lml) were added acetic acid (38/4 0.66mmol) and tetrabutylammonium fluoride (1 msolution in THF, 0.66ml, 0.66mmol 
